Studies have demonstrated that the induction of oxidative stress may be involved in brain tumor induction in rats by acrylonitrile. The present study examined whether acrylonitrile induces oxidative stress and DNA damage in rats and whether blood can serve as a valid surrogate for the biomonitoring of oxidative stress induced by acrylonitrile in the exposed population. Male Sprague-Dawley rats were treated with 0, 3, 30, 100, and 200 ppm acrylonitrile in drinking water for 28 days. One group of rats were also coadministered N-acetyl cysteine (NAC) (0.3% in diet) with acrylonitrile (200 ppm in drinking water) to examine whether antioxidant supplementation was protective against acrylonitrileinduced oxidative stress. Direct DNA strand breakage in white blood cells (WBC) and brain was measured using the alkaline comet assay. Oxidative DNA damage in WBC and brain was evaluated using formamidopyrimidine DNA glycosylase (fpg)-modified comet assay and with high-performance liquid chromatographyelectrochemical detection. No significant increase in direct DNA strand breaks was observed in brain and WBC from acrylonitriletreated rats. However, oxidative DNA damage (fpg comet and 8#hydroxyl-2-deoxyguanosine) in brain and WBC was increased in a dose-dependent manner. In addition, plasma levels of reactive oxygen species (ROS) increased in rats administered acrylonitrile. Dietary supplementation with NAC prevented acrylonitrile-induced oxidative DNA damage in brain and WBC. A slight, but significant, decrease in the GSH:GSSG ratio was seen in brain at acrylonitrile doses > 30 ppm. These results provide additional support that the mode of action for acrylonitrile-induced astrocytomas involves the induction of oxidative stress and damage. Significant associations were seen between oxidative DNA damage in WBC and brain, ROS formation in plasma, and the reported tumor incidences. Since oxidative DNA damage in brain correlated with oxidative damage in WBC, these results suggest that monitoring WBC DNA damage maybe a useful tool to assess acrylonitrile-induced oxidative stress in humans.
Acrylonitrile is widely used in the manufacture of plastics, acrylic fibers, and synthetic rubber with an estimated yearly production of 8.8 billion pounds (IARC, 1999; Nerland et al., 2003) . Chronic exposure to acrylonitrile caused dose-related increases in brain tumors in rats (Bigner et al., 1986; Bio/ dynamics Inc., 1980; Frederick and Levinskas, 2002; Quast and Friedman, 2002; Quast et al., 1980) . Evaluation of epidemiological data on the cancer incidences in workers exposed to acrylonitrile has found no consistent increase in cancer risk from acrylonitrile exposure (Cole et al., 2008) .
The mechanism of acrylonitrile carcinogenicity in the rat brain is not fully understood. The available data from both in vivo and in vitro genotoxicity tests, while largely negative, are mixed and inconclusive (IARC, 1999; Whysner et al., 1998b) . Acrylonitrile is metabolized by pathways involving glutathione conjugation and cytochrome P450 oxidation (Abreu and Ahmed, 1980; Chanas et al., 2003; Fennell et al., 1991; Kedderis et al., 1995; Roberts et al., 1991) . Cytochrome P450 metabolism produces 2-cyanothylene oxide (CEO), a reactive and relatively long-living epoxide (Guengerich et al., 1981; Kedderis et al., 1995; Roberts et al., 1991) . While this metabolite forms DNA adducts in rat liver, a nontumor target organ for acrylonitrile carcinogenicity, DNA reactivity does not appear to explain acrylonitrile-induced brain tumors since no DNA adducts have been detected in rat brain (Hogy and Guengerich, 1986) .
In recent years, several studies have demonstrated that acrylonitrile causes oxidative stress and oxidative DNA damage in the rat brain and cultured rat astrocytes (El-Sayed et al., 2008; Jacob and Ahmed, 2003; Jiang et al., 1998; Kamendulis et al., 1999; Pu et al., 2006; Whysner et al., 1998a) . Increased oxidative stress and oxidative damage have been linked with the induction of neoplasia by several nongenotoxic chemical carcinogens (Kensler and Thrush, 1986; Kensler et al., 1989; Klaunig and Kamendulis, 2004) . Oxidative stress may be involved in carcinogenesis through the depletion of antioxidants and/or the increased production of reactive oxygen species (ROS), the latter resulting in modifications to cellular DNA. In addition, low levels of cellular oxidants can function as signaling molecules that activate transcription factors impacting pathways involved in cell growth (Klaunig and Kamendulis, 2004) . Acrylonitrile has been shown to affect both antioxidant and ROS levels following exposure (Jiang et al., 1998; Kamendulis et al., 1999) . In the rat brain in vivo, acrylonitrile increased levels of 8#-hydroxyl-2-deoxyguanosine (OH8dG), malondialdehyde, and ROS and decreased levels of glutathione and activities of catalase and superoxide dismutase (El-Sayed et al., 2008; Jiang et al., 1998; Whysner et al., 1998a) . In a rat astrocyte cell line, acrylonitrile similarly increased OH8dG levels and the formation of hydroxyl free radicals (Kamendulis et al., 1999) . Acrylonitrile also induced oxidative stress in normal human astrocytes in vitro, albeit at concentrations that produced significant cytolethality (Jacob and Ahmed, 2003) . In a more recent study, acrylonitrile increased oxidative DNA damage in rat astrocytes while was unable to directly cause DNA damage (Pu et al., 2006) . In addition, the antioxidant N-acetyl cysteine (NAC) was shown to protect primary rat glial cells against lipid peroxidation and GSH depletion induced by acrylonitrile (Esmat et al., 2007) . Collectively, these data support that oxidative stress occurs following acrylonitrile exposure and may potentially be the mode of action for glial tumor formation by acrylonitrile.
In animal studies, the measurement of OH8dG by highperformance liquid chromatography (HPLC) with electrochemical detection has been widely used as a marker for oxidative DNA damage. Although this technique is very sensitive and well defined, it is inherently impractical to be used in human studies on brain tissue samples. Thus, surrogate techniques are needed to assess oxidative stress in humans at risk from acrylonitrile exposure. The present study examined the dose-related effects of acrylonitrile on the formation of ROS, glutathione modulation, and oxidative DNA damage in rat brain and blood in vivo. The concordance between the oxidative stress and the damage measurements in these tissues and the tumor incidence reported in the literature was also analyzed to assess the potential feasibility of using these oxidative stress biomarkers in monitoring oxidative stress in humans at risk from exposure to acrylonitrile.
MATERIALS AND METHODS
Chemicals. Acrylonitrile (> 99% purity), 2-deoxyguanosine (2-dG), 8#-hydroxyl-2-deoxyguanosine, reduced and oxidized glutathione (GSH and GSSG), salicylic acid (SA), 2,3-dihydroxybenzoic acid (2,3-DHBA), and all other chemicals were purchased from Aldrich (Milwaukee, WI). Formamidopyrimidine DNA glycosylase (fpg) was purchased from New England Biolab (Ipswich, MA). NIH-07-based diets containing 0.3% NAC was purchased from Dyets Inc. (Bethlehem, PA).
Animals and treatments. Six-week-old male Sprague-Dawley rats were purchased from Harlan Sprague-Dawley Co. (Indianapolis, IN). Rats were housed in polycarbonate cages in an Association for Assessment and Accreditation of Laboratory Animal Care-certified animal facility and provided with an NIH-07 diet and water ad libitum. Animals were allowed to acclimate for 1 week prior to the experiments. Animals were given 0, 3, 30, 100, and 200 ppm in deionized drinking water for 28 days. These doses were selected since these were the doses used in the chronic 2-year bioassays. To examine the effects of acrylonitrile exposure on the formation of ROS, three rats in each group were administered SA in 0.9% NaCl solution (50 mg/kg body weight) by ip injection 12 h before the sacrifice. To examine the effect of NAC on acrylonitrile-induced oxidative stress and damage, animals were given diet containing 0.3% NAC 3 days prior to and through out acrylonitrile treatment (200 ppm in drinking water) for 28 days. At the end of treatments, rats were killed by CO 2 asphyxiation and exsanguination. Blood samples were collected immediately by cardiopuncture in plastic tubes containing Na 2 EDTA. After an aliquot of blood sample was obtained for comet assay, plasma was separated by centrifugation at 4°C and stored at À80°C for subsequent analysis.
Assessment of direct and oxidative DNA damage-comet assay. The comet assay was performed as described previously with modifications (Rojas et al., 1999; Singh et al., 1988) . For white blood cells (WBC), immediately after the blood samples were taken, 2 ll whole blood was mixed with 70 ll 1% low-melting agarose and applied onto Trevigen CometSlides (Trevigen, Gaithersburg, MD) . For the analysis of DNA damage in the brain, immediately after sacrifice,~200 mg of brain cortex was washed then minced in cold PBS containing 10% dimethyl sulfoxide (DMSO) and 1mM EDTA, filtered (40-lm filter), and centrifuged (at 200 3 g for 5 min at 4°C). The pellets were resuspended in cold PBS, and a 10-ll aliquot was mixed with 70 ll 1% lowmelting agarose and applied onto Trevigen CometSlides. After the gel solidified, cells were lysed (100mM Na 2 EDTA, pH 10, 2.5M NaCl, 10mM Trizma base, 1% sodium lauryl sarcosinate, 1% Triton-X 100, 10% DMSO, and 1mM deferoxamine; 1 h), placed in alkali buffer (0.3M NaOH and 1mM Na 2 EDTA, pH > 13; for 40 min at 4°C), and then electrophoresed in alkali buffer (25 V, 300 mA, 30 min). Following electrophoresis, slides were neutralized (0.4M Tris, pH 7.5, at 4°C for 5 min), rinsed in distilled water (at 4°C for 15 min), and allowed to dry at room temperature in the dark. After slides were stained with ethidium bromide (25 lg; 20 lg/ml) and covered with a cover slip, a total of 100 nuclei/treatment selected at random per slide were evaluated on a Nikon fluorescence microscope using Komet 4.0 imaging Software (Kinetic Imaging Ltd., Liverpool, UK). DNA damage was expressed as comet (Olive) tail moment ([tail mean À head mean] 3 tail%DNA/100) (Rojas et al., 1999; Tice et al., 1991) .
For the assessment of oxidative DNA damage, a modified alkaline comet assay was performed that included enzymatic digestion with fpg prior to electrophoresis. Briefly, after the lysis of cells, slides were washed (40mM 4-[2-hydroxyethyl]piperazine-1-ethanesulfonic acid, 100mM KCl, 0.5mM Na 2 EDTA, and 0.2% bovine serum albumin; pH 8.0, 5 min, 33) and then incubated with fpg solution or buffer (100 ll for 40 min at 37°C). Slides then underwent alkaline unwinding and the remainder of the procedure as described above.
Measurement of OH8dG. OH8dG levels in genomic DNA in brain tissues and WBC were analyzed by HPLC with electrochemical detection as described by Helbock (1999) with modifications. Deferoxamine (0.1mM), an iron chelator, was added to all reagents during DNA isolation and hydrolysis to minimize DNA autooxidation. For brain tissues, 100 mg of tissue was homogenized in 1 ml of homogenization buffer (0.32M sucrose, 5mM MgCl 2 , 10mM Tris-HCl, pH 7.5, and 0.1mM mesylate). The homogenate was then centrifuged at 900 3 g for 5 min at 4°C. The pellets were resuspended in 1 ml lysis buffer (homogenization buffer containing 1% Triton-X 100, pH 7.5) and centrifuged at 900 3 g for 1 min at 4°C. This step was repeated twice. The pellets were then thoroughly resuspended in 200 ll enzyme reaction buffer (1% SDS, 5mM Na 2 EDTA, and 10mM Tris-HCl, pH 8.0) and digested with 5 U of RNase (at 50°C for 10 min), followed by the digestion with Proteinase K (15 mg/ml, at 50°C for 50 min). After digestion, 0.3 ml of NaI solution (7.6M NaI, 20mM Na 2 EDTA, and 40mM Tris-HCl, pH 8.0) was added and DNA was then precipitated with 0.5 ml of isopropanol. DNA was pelleted by centrifugation (12,0003 g for 5 min) and washed with 70% ethanol. For the WBC, 5 ml whole blood from rats was treated with red blood cell lysis buffer (80mM NH 4 Cl) and centrifuged. Pelleted WBC were then lysed with lysis buffer, and the remainder of the procedure described for brain tissue (above) was followed. DNA was dissolved in 200 ll of 20mM sodium acetate containing 0.1mM ACRYLONITRILE-INDUCED OXIDATIVE DNA DAMAGE deferoxamine, pH 4.8, and digested with 10 U of nuclease P1 (at 65°C for 30 min), followed by 10 U of alkaline phosphatase (at 37°C for 60 min). Digested DNA samples were filtered and an 80-ll aliquot was injected into HPLC system. Nucleotides were separated on a reverse phase LC-18-DB column (3lM, 150 3 4.6 mm; Supelco, Bellefonte, PA). OH8dG was detected by an ESA CoulArray electrochemical detector set at 400 mV, and 2-dG was detected by a Waters photodiode array detector set at 290 nm. OH8dG and 2-dG in samples were quantitated from respective calibration curves, and the ratio of OH8dG:2-dG in each sample was reported.
Measurement of ROS production. The formation of ROS in plasma from acrylonitrile-treated rats (pretreated with SA) was measured using the method described previously (McCabe et al., 1997) . Briefly, 200-ll plasma sample was mixed with 800 ll 0.2M perchloric acid solution (containing 100lM EDTA and 100lM sodium metabisulfide) to precipitate protein. After centrifugation (14,000 3 g at 4°C for 5 min), the supernatant was filtered and an 80-ll aliquot was injected onto the HPLC. Separation of analytes was achieved on a reverse phase YMC J'sphere ODS-H80 column (4 lm, 150 3 4.6 mm; Waters, Milford, MA). The 2,3-DHBA was detected on an ESA Coulochem II equipped with a guard cell. The potential settings for the detector were E1 100 mV, E2 250 mV, and guard cell 1000 mV. SA was detected by a Waters Photodiode Array Detector set at 296 nm. The amounts of 2,3-DHBA and SA were quantitated from respective calibration curves, and the ratio of 2,3-DHBA:SA in each sample was reported.
Measurement of reduced and oxidized glutathione. Reduced and oxidized glutathione (GSH and GSSG) in brain tissues were analyzed simultaneously using HPLC-electrochemical detection as described previously (Melnyk et al., 1999) . Briefly, 200 mg of brain tissue was homogenized in 1 ml of buffer containing 0.2M perchloric acid and 100lM EDTA. The homogenate was centrifuged (14,000 3 g at 4°C for 5 min). Supernatants were filtered and injected into HPLC for analysis. The separation of analytes was achieved on a reverse phase Symmetry C-18 column (5 lm, 150 3 4.6 mm; Waters). GSH and GSSG were detected using an ESA Coulochem II equipped with a guard cell. The potential settings for the detector were E1 450 mV, E2 900 mV, and guard cell 1000 mV. The amount of GSH and GSSG was calculated from the respective calibration curves.
Statistical analysis. The values were presented as mean ± SD. Differences among multiple groups were evaluated using a one-way ANOVA with Dunnett's post hoc test. The level of significance was selected to be p < 0.05.
RESULTS
All rats survived the treatment period. No statistical differences in body weights were seen among the treatment groups received drinking water containing 100 ppm acrylonitrile for 28 days (data not shown). However, a significant decrease (8.3%) in the body weight was observed in animals treated with 200 ppm acrylonitrile compared to control.
The ability of acrylonitrile to induce direct DNA strand breakage in the WBC and brain cortex in rats was examined using the alkaline comet assay. No significant increase in direct DNA strand breakage was found in either tissue following the treatment with 0-200 ppm acrylonitrile in drinking water for 28 days (Figs. 1 and 2 ), indicating that acrylonitrile does not cause direct DNA damage in brain and WBC.
The ability of acrylonitrile to induce oxidative DNA damage in brain and WBC of rats was examined using both fpgmodified comet assay and by measuring OH8dG levels (HPLC-electrochemical detection). Increases in oxidative DNA damage in WBC were seen following the exposure with 30, 100, and 200 ppm acrylonitrile in drinking water (Fig. 3) . Increases in oxidative DNA in cells from brain cortex were also observed following the exposure with 100 and 200 ppm acrylonitrile in drinking water (Fig. 4) . Supplementation of NAC in diets prevented the oxidative DNA damage in brain and WBC induced by acrylonitrile (Figs. 3 and 4) . OH8dG levels in the brain and WBC were significantly increased in animals treated with 100 and 200 ppm acrylonitrile in drinking water for 28 days (Figs. 5 and 6 ). NAC supplementation also prevented acrylonitrile-induced OH8dG formation (Figs. 5 and 6 ).
Salicylate can react with the hydroxyl free radical, a strong ROS, to form 2,3-DHBA, a stable product that can be quantitated using HPLC with electrochemical detection , 1997) . The generation of ROS in rat plasma following the administration of acrylonitrile in drinking water was examined. Significant and dose-related elevation of the levels of 2,3-DHBA was observed in the plasma of rats at and above 30 ppm acrylonitrile in drinking water for 28 days, indicating that acrylonitrile exposure increased the generation of ROS rats (Fig. 7) .
The ratio of GSH:GSSG is an important indicator of the redox status in the biological systems. GSH and GSSG levels in brain tissues were measured simultaneously using HPLCelectrochemical detection. No significant changes in GSH level were seen in any acrylonitrile-treated groups (data not shown).
However, a slight but significant decrease in the GSH/GSSG was observed in brain cortexes of rats administered 30, 100 and 200 ppm acrylonitrile in drinking water for 28 days (Fig. 8) .
The concordance between the oxidative stress and the damage measurements in brain and blood and between oxidative damage and tumor incidence reported in the literature was analyzed (Table 1) . Strong positive correlations between the oxidative DNA damage measured by fpg-modified comet and HPLC (OH8dG formation) in brain and WBC were observed. There were also significant correlations between these oxidative markers and the reported brain tumor incidence (Table 1) . These results suggest that these oxidative stress biomarkers in blood could be utilized in monitoring oxidative stress in humans at risk from exposure to acrylonitrile. 
ACRYLONITRILE-INDUCED OXIDATIVE DNA DAMAGE
It is well established that acrylonitrile is a carcinogen in rats, including brain tumors (astrocytomas), following chronic exposure (Bigner et al., 1986; Bio/dynamics Inc., 1980; Frederick and Levinskas, 2002; Quast and Friedman, 2002; Quast et al., 1980) . The mechanism(s) of acrylonitrile tumorigenicity have not been conclusively demonstrated; however, a substantial body of evidence exists supporting the induction of oxidative stress as the mode of action for astrocytoma induction in rats (Jacob and Ahmed, 2003; Jiang et al., 1998; Kamendulis et al., 1999; Pu et al., 2006; Whysner et al., 1998a) . Oxidative stress is defined as a disturbance in the prooxidant to antioxidant balance, in favor of the former (Sies, 1991) . Oxidative stress and damage have been shown to participate at all stages of chemical carcinogenesis (Klaunig and Kamendulis, 2004) .
Acrylonitrile is metabolized to CEO, a relatively stable and reactive epoxide. Chemical adducts have only been seen in liver homogenates at high dose, while no studies have identified acrylonitrile adducts in rat brain (Guengerich et al., 1981; Hogy and Guengerich, 1986; Kedderis et al., 1995; Roberts et al., 1991) . Due to the reactivity of CEO, the potential for acrylonitrile to induce DNA damage in the rat brain, an event that may contribute to carcinogenicity, continues to be raised. A recent study demonstrated that acrylonitrile did not directly damage DNA of astrocytes but did result in increased oxidative DNA damage (Pu et al., 2006) . This study also demonstrated that the oxidative DNA damage seen following acrylonitrile exposure appears to arise mainly through the P450 metabolic pathway and that glutathione depletion may contribute to the induction of oxidative DNA damage (Pu et al., 2006) .
The current study further examined the effects of acrylonitrile on oxidative stress by assessing oxidative DNA damage, formation of ROS, and glutathione modulation in rats in both blood and brain tissue. The potential direct DNA damage by acrylonitrile in WBC and brain was assessed using single cell gel electrophoresis (the comet assay). Acrylonitrile was administered up to and including 200 ppm in drinking water to rats and did not result in DNA strand breakage in brain or WBC. Previous studies demonstrated that acrylonitrile induced oxidative stress in rat brain in vivo and astrocytes in vitro a Data were normalized with doses used in tumor incidence bioassay. b Tumor incidence data were from Quast and Friedman (2002) .
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PU, KAMENDULIS, AND KLAUNIG (Jacob and Ahmed, 2003; Jiang et al., 1998; Kamendulis et al., 1999; Pu et al., 2006; Whysner et al., 1998a) . The results of the current investigation are consistent with these previous studies. We demonstrate that acrylonitrile induced oxidative DNA damage in rat brain and WBC in a dose-dependent manner following oral exposure in drinking water as measured by both the fpg-modified comet assay and OH8dG quantitation using HPLC-electrochemical detection. The concordance analysis showed strong correlations between OH8dG levels in brain and WBC and oxidative DNA damage in these tissues measured by fpg-modified alkaline comet assay, indicating that comet assay in WBC could be used as surrogate test to assess acrylonitrileinduced oxidative stress in humans ( Table 1) . The formation of ROS in the rat plasma was measured using HPLC-electrochemical detection of salicylate hydroxylation. The results of this study showed a dose-dependent increase in the level of 2,3-DHBA in the plasma of rats treated with acrylonitrile in drinking water, indicating that acrylonitrile exposure resulted in the generation of ROS. Significant correlations were observed between ROS in plasma and DNA damage in brain as well as ROS in plasma and oxidative DNA damage in WBC (Table 1) . These results also demonstrate that the oxidative stress biomarkers measured in this study are similarly changed by acrylonitrile exposure, further supporting that fpg-modified comet assay in WBC could serve as a marker for the assessment of oxidative stress in human populations exposed to acrylonitrile. In a previous study, a dose-dependent increase of 2,3-DHBA in rat brain was found (Jiang et al., 1998) . However, 2,3-DHBA was not detectable in brain in the current study. One possible reason for this discrepancy might be that in the current study, animals received lower dose of SA than the previous study (50 vs. 100 mg/kg), a change that was made to avoid the potential interference that salicylate, a scavenger of ROS, may have on the comet assay in blood. Nonetheless, the findings in the current and previous studies provide evidence that acrylonitrile induces oxidative stress.
ROS are produced by both endogenous and exogenous processes. Eukaryotic organisms have developed a complex antioxidant system to counteract excess ROS production and to reduce the deleterious effects of excess oxidant production. Glutathione is an abundant water-soluble thiol-containing tripeptide, making this molecule a potent reducing agent. GSH can be converted to GSSG upon the reaction with ROS. Of potential relevance to acrylonitrile-induced oxidative stress and tumorigenicity, the rat brain has been shown to possess a lower antioxidant capacity relative to the liver (Jiang et al., 1998; Xia et al., 1995) . Acrylonitrile has been shown to induce a temporal depletion of GSH in rat glial cells in culture and in rat brain in vivo (decreased by 7 days and restored to control levels by 28 days) (Kamendulis et al., 1999) . The present study showed similar effects. GSH was not decreased in rat brain by acrylonitrile at 28 days. However, a slight but significant decrease in GSH/GSSG was observed in rats administered with !30 ppm acrylonitrile in drinking water at 28-day time point. GSH/GSSG is an important indicator of redox status in a biological system. The decrease of the GSH:GSSG ratio indicates that redox balance shifted in favor of prooxidant status, which contributes to the overall oxidative stress status and may result in the oxidative damage to macromolecules in cells.
NAC is an acetylated precursor of glutathione, a major water-soluble antioxidant in cells. NAC has been reported to protect primary rat glial cells against lipid peroxidation and GSH depletion induced by acrylonitrile (Esmat et al., 2007) . Similar protective effects of NAC were observed in this study. Dietary supplementation of NAC prevented acrylonitrileinduced oxidative DNA damage in brain and WBC. These results provide additional evidence that acrylonitrile induces oxidative stress in rats.
HPLC with electrochemical detection of OH8dG has been used in the measurement of acrylonitrile-induced DNA damage in brain tissues. Although this technique is very sensitive and well characterized, it is inherently impractical to be used to monitor oxidative DNA damage in brains of live human beings. Thus, surrogate techniques are needed to assess oxidative stress in acrylonitrile-exposed humans. The assessment of DNA damage using comet assay provides a simple, sensitive, and straightforward approach to directly quantitate DNA damage in cells (Singh et al., 1988) . In addition, the incorporation of enzymatic digestion with fpg enables the detection of oxidative DNA damage, including 8-oxoguanine and other oxidized purines (Collins, 2004) . Comet assay and fpg-modified comet assay in WBC have been commonly used in investigating DNA damage and oxidative DNA damage in human studies (Dennog et al., 1999; Speit et al., 2002) . In this study, the fpg-modified comet assay was used to measure the oxidative DNA damage in brain and WBC in rats, and as discussed above, significant correlations were seen between the oxidative DNA damage in brain and WBC assessed by fpgmodified comet assay and OH8dG detected by HPLC, as well as the ROS levels in plasma (Table 1) . This indicates that it is feasible to use comet assay in WBC as a means to monitor potential oxidative stress and damage from acrylonitrile exposure in humans.
The concordance between the oxidative DNA damage in WBC measured by fpg-modified comet assay of current study and the tumor incidence in central nervous system after acrylonitrile exposure reported in literature was analyzed (Table 1 ). The tumor incidence data used in the analysis were from a 2-year carcinogenicity bioassay by Quast and Friedman (2002) in which the same strain of rats (Sprague-Dawley) and similar doses were investigated. Oxidative DNA damage in brain and WBC measured by both HPLC and fpg-modified alkaline comet assay significantly correlated with tumor incidences in rat brain (Table 1 ). The positive associations between comet assay data, OH8dG levels, and tumor incidences provide further support that induction of oxidative ACRYLONITRILE-INDUCED OXIDATIVE DNA DAMAGE stress is involved in the mode of action for acrylonitrile carcinogenicity.
In summary, the results presented in this study have demonstrated that acrylonitrile did not induce detectable direct DNA strand breakage, but using coincubation with fpg, as well as HPLC-electrochemical detection, we confirmed that acrylonitrile induces oxidative stress and oxidative DNA damage in rats in a dose-dependent manner and was prevented by the dietary supplementation with antioxidant NAC. These results provide additional support that the mode of action for acrylonitrile-induced brain tumor involves the induction of oxidative stress and damage. Furthermore, this study demonstrated that fpg-modified comet assay in WBC correlated with oxidative DNA damage in acrylonitrile target tissue and therefore may be a useful tool to assess acrylonitrile-induced oxidative stress in humans at exposure. 
